. Incubation with 10' M UDCA alone did not increase MDA content (0.77 (SD 0.07) nmol MDA/mg cell protein), a value almost identical to the control (Figure) . When the cells were incubated with 10 M DCA and 10 M UDCA, at a 1:1 molar ratio, the MDA content (0.70 (SD 0.09) nmol MDA/mg cell protein) was also not significantly different from the control or from the value when UDCA alone was added (Figure) .
The cell protein content of the cultured macrophages exposed to bile acids was not different from the control indicating that cell viability was preserved after 24 hours of exposure to bile acids.
Discussion
Methodological considerations Before discussing the data, some comments on the concentrations and the possible toxicity of bile acids used in these experiments are necessary. In liver tissue of patients with cholestatic liver disease, such as primary biliary cirrhosis, the intrahepatic concentration of total bile acids can rise as high as 600 nmol/g liver tissue29 and is largely due to the accumulation of the hydrophobic bile acids, chenodeoxycholic acid, and DCA. 30 In our experiments, the cultured macrophages were incubated with 10-M and 101 M DCA. Assuming that 1 g liver is equivalent to 1 ml, these concentrations approximate to the hydrophobic bile acid concentrations found in cholestatic livers.
The total fasting serum bile acid concentration (normally <10 giM), rises to reach For these experiments, we have relied on total cell protein as a measure of cell viability and function. Previously, we have shown that the correlation between this index and other indices of cell viability is high indicating that the concentrations of DCA were not toxic to the cultured macrophages.25
Effect ofdeoxycholic acid on lipid peroxidation in macrophages This study has shown that DCA at a concentration below its critical micelle concentration can increase the level of cellular lipid peroxidation, one of the consequences of increased production of reactive oxygen species. We have interpreted this result to suggest that hydrophobic bile acids, after their 43 Consequently, these immunomodulatory properties of UDCA are also considered an integral mechanism of its ameliorative actions in patients with primary biliary cirrhosis. The beneficial action of UDCA has also been attributed to its ability to change the physicochemical properties of cell membranes by creating a membrane 'barrier' and thus stabilising membrane structure and preventing its disruption by toxic bile acids.8 36 44UDCA can also block the metabolic depressant effects of hydrophobic bile acids on hepatocyte mitochondrial function. 14 16 This study has shown that the peroxidative effect of hydrophobic bile acids, such as DCA, on cultured macrophages can be blocked by UDCA, which itselfhas no oxidative properties on cultured macrophages when used at therapeutic plasma concentrations. We have interpreted this result to suggest that the beneficial effect of UDCA may be related to its ability to prevent hydrophobic bile acid induced macrophage oxidative stimulation. Thus we suggest that UDCA has antioxidant properties that can also contribute to its advantageous action in patients with cholestatic liver disease. Moreover, it is also tempting to speculate that UDCA may suppress Kupffer cell peroxidation, irrespective of the activating factor. This 'dampening' effect on macrophages may also explain the beneficial immunomodulatory properties of UDCA. 42 4 This project was supported by a grant from the Ministry of Science and Arts, Jerusalem, Israel. PL is an immigrant scientist supported by a grant from the Ministry of Immigration and Absorption, Jerusalem, Israel.
